All findings were analysed using SPSS 19.0 software. Results: Ampullary (periampullary) carcinomas were much more common than carcinomas of the head of the pancreas, especially in males, with an average age of 53 years. Mean tumor size was 2.5 cms, over 54% were well differentiated. A large majority were pT2 or pT3 and N0. Carcinomas of pancreatic head were also more common in males, mean age was 55 years, mean tumor size was 3.5cms, and over 65% were moderately differentiated. The majority were T2 or T3 and pN1. Prognostically, significant statistical correlation was seen with tumor grade and pathologic T and N stage (p values statistically significant). However, tumor size was not statistically significant. Conclusions: Ampullary carcinomas are more common compared to pancreatic carcinomas. Majority of ampullary carcinomas were well differentiated while majority of pancreatic carcinomas were moderately differentiated. Large majority of both types of cases were pT2 or T3. Histologic tumor grade and pathologic T and N stage are significantly related to prognosis in Pakistani patients with ampullary and pancreatic cancers.
Introduction
Pancreaticoduodenectomy (Whipple resection) , which was first performed by Whipple in 1935 (Whipple et al.,1935 for carcinomas of ampulla/periampullary region, has over the years expanded to include carcinomas of head of pancreas, duodenum and common bile duct and is a safe and effective procedure for the treatment of the above malignancies (Longmire and Traverso, 1981) . It is also often performed in those patients with chronic pancreatitis who have severe symptoms which are not responding to medical therapy. Conversely, some Whipple resections performed for a suspicious malignancy reveal chronic pancreatitis on histological examination (Abraham et al., 2003; Kavanagh et al., 2008 Morris-Stiff et al., 2009) . Even in poor, developing countries, refinements in surgical techniques have resulted in better perioperative outcomes following pancreaticoduodenectomy (Shrikhande et al., 2012) . In patients undergoing Whipple resection for chronic pancreatitis also, the quality of life has been shown to improve greatly . The Whipple resection specimen includes the duodenum, head of pancreas, distal bile duct, and sometimes distal stomach. The following margins should be recognized and submitted for histopathologic examination when a specimen is received: common bile duct, pancreatic tissue, peripancreatic soft tissue and distal duodenal resection margins (Kayahara and Ohta, 2010) . The pathological examination of Whipple resection specimens is important in evaluating multiple parameters which are prognostically important. These include tumor site and size, tumor extension, histologic type, tumor grade, vascular and /or perineural invasion, status of surgical margins, lymph node status, tumor stage etc (Martin et al.,1990; Bouvet et al., 2000; Lazaryan et al., 2008; Badger et al., 2010) . Therefore, the pathologist on receiving a whipple resection must report all the above mentioned parameters in order to provide adequate information to the clinician.
The aim of the present study was to present the results of pathologic findings in Whipple resection specimens in the largest center for histopathology in the country. These results, on a large number of Whipple resections, will provide valuable information about the extent and spread of ampullary (periampullary) carcinomas, carcinomas of head of pancreas, common bile duct, duodenum etc in our population.
Materials and Methods
A case series of 311 consecutive Whipple resection specimens received in the Section of Histopathology, Aga Khan University Hospital between January 1, 2003 and December 31, 2014. All specimens were fixed in 10% buffered formalin, allowed to stay overnight, and then grossed with representative sections submitted as per established protocols (Rosai, 2004) . Sections were routinely processed under standard conditions for paraffin embedding and stained with Hematoxylin and Eosin. Reporting was done using a standard format for reporting all relevant tumor parameters (Amin and Washington, 2010; Compton, 2003) . All the relevant data was recorded and was analysed using a commercially available SPSS 19.0 software package. Mean+/-SD, frequencies and percentages were calculated for the following variables: patient age, gender,survival in months, tumor size, histologic tumor type, tumor grade, pathologic stage (pT), lymph node status (pN), and status of surgical margins. Patients were divided into 4 survival groups i.e. less than 10 months, 11 to 40 months, 41 to 80 months and greater than 80 months. Fisher exact test or chi square tests were used to calculate p-values regarding association of survival with tumor grade, pathologic stage, lymph node status and tumor size. P-value equal to or less than 0.05 was considered significant.
Results
A total of 311 Whipple resection specimens were included in the study. These included 196 specimens (63%) from the ampullary and periampullary region and the duodenum; and 115 (37%) from the head of pancreas and common bile duct.
The histological typing of group 1 is presented in Figure 1 . Out of these 196 cases, 128(65.3%) occurred in males, and 68 (34.7%) in females. Male to female ratio was 1.9:1. Clinicopathological characteristics are presented in Table 1 . Out of the 115 cases in the second group, 15 (13%) turned out to be non-neoplastic showing changes of chronic pancreatitis. Histological typing of tumors in group 2 is shown in Figure 2 . Of the 92 cases of adenocarcinomas, 81(88%) occurred in the head of pancreas, while 11 (12%) were in the common bile duct. Of these 92 patients, 55 (59.7%) were males and 37 (40.2%) were females.. Male to female ratio was 1.5:1. Average number of lymph nodes recovered from each case was 11.7. Average number of positive nodes per case was 4.3. A total of 10 cases in the study had positive margins. These included 6 cases of pancreatic carcinoma, 2 cases of ampullary carcinoma, and 2 cases of bile duct carcinoma. Out of these 10 cases, 7 (including 5 of 6 pancreatic carcinoma) had a positive pancreatic margin, while 3 had a positive common bile duct margin. Follow up was available in only 74 out of 296 cases with carcinoma (15 out of 311 patients had chronic pancreatitis). Out of these 74 cases, 31 patients died of disease, while 43 were alive. Of the 31 patients who died, 10(32%) were grade 1, 18 (58%) were grade 2, and 3(10%) were grade 3. Most grade 2 and all grade 3 patients died within 1 to 2 years. The p value was significant (<0.017).
Out of these, 4(13%) were T1, 15 (48%) were T2, 11 (35%) were T3 and 1 was T4(3%). Most patients who died were T2 or T3 and most patients died within 1 to 2 years (Table 4 ). The p-value was significant (<0.004).
Of the 31 patients who died, 18(58%) were N0 and 13(42%) were N1. Most patients who died, whether N0 or N1 died within 1 to 2 years. The p-value was significant (<0.006).
Of the 31 patients who died, tumor size was less than 3cms in 22(71%) and 3cms or greater in 9 (29%) patients. There was no significant difference in time duration between diagnosis and death in the two groups of patients. The p-value was not significant (0.625). Of the 43 patients who were alive on follow up 12 (30%) were grade 1, 29(65%) were grade 2, and 2 patients (5%) were grade 3.
Of the 43 patients who were alive, 4 (9.5%) are T1, 17 (40%) were T2, 21 (49%) were T3 and 1 was a T4 lesion (2%).
Of the 43 patients who were alive, 26(60%) were N0, and 17 (40%) were N1.
Of the 43 patients who were alive at follow up, tumor size was less than 3cms in 30(70%) and 3cms or greater in 13(309%) patients.
Discussion
Although there is a previous study from Pakistan (Qureshi et al., 2011) , the current study is the largest study on Whipple resection specimens from Pakistan with 311 cases (previous study looked at 65 cases). A study from Iran looked at 51 cases (Foroughi et al., 2012) .
We divided our cases into two large groups. The first group comprised of ampullary/periampullary carcinomas (including carcinomas located in other areas of duodenum), while the second group comprised of lesions of head of pancreas and extrahepatic ducts. Of the latter group, 15 out of 115 cases (13%) did not reveal any malignancy on histopathological examination. Instead changes of chronic pancreatitis were seen. Whipple resection is now quite commonly performed in patients with chronic pancreatitis with severe symptoms intractable to medical therapy Abraham et al., 2003) . However, in all 15 of our cases which revealed chronic pancreatitis, the Whipple resection had been performed on suspicion of malignancy. Various studies have shown that a variable percentage of Whipple resections done with suspicion of pancreatic carcinoma turn out to be benign on histologic examination. The frequency of benign disease on Whipple specimens has ranged in different studies from 7 to 15% (Abraham et al., 2003; Kavanagh et al., 2008; van Roest et al., 2008; Foroughi et al., 2012) . Our results are somewhat on the higher side with almost 13% cases showing benign disease.
The prognosis of ampullary carcinomas is significantly better than that of pancreatic or bile duct carcinomas. In our study, the majority of ampullary carcinomas occurred in males (65%). Various studies have also shown that these carcinomas are more common in males (Yeo et al., 1997; Qureshi et al., 2011; Foroughi et al., 2012; Adsay et al., 2013) . Various studies have shown that ampullary and pancreatic carcinomas are more common in males and peak age is in the fifth and sixth decades. In a recent study (Adsay et al., 2013) , almost 60% of ampullary region carcinomas occurred in males and 40% in females, and mean age for these carcinomas was 65 years. In the same study, 38% of pancreatic adenocarcinomas occurred in males and 62% in females. Mean age for pancreatic adenocarcinoma was 64 years. Two recent studies reported an overall male predominance in ampullary and pancreatic adenocarcinomas. Males comprised 60% and 72.5% respectively in these studies. In these studies, mean age was 50.2 and 57 years for ampullary and pancreatic adenocarcinomas respectively (Qureshi et al., 2011; Foroughi et al., 2012) . In our study, almost 65% of ampullary and 60% of pancreatic adenocarcinomas occurred in males. In our study, the mean age for ampullary and pancreatic adenocarcinomas was 53 and 55 years respectively.
According to a recent study, mean tumor size was 2.6 cms for ampullary and 3.6 cms for pancreatic adenocarcinomas (Adsay et al., 2013) , while two other recent studies reported an overall mean tumor size of 2.5 cms and 2.8 cms respectively for both ampullary and pancreatic adenocarcinomas (Qureshi et al., 2011; Foroughi et al., 2012) . In our study, mean tumor size was 2.5 cms for ampullary and 3.5 cms for pancreatic adenocarcinomas.
Most of the ampullary and pancreatic adenocarcinomas in our study were well to moderately differentiated, and poorly differentiated carcinomas were very rare comprising 3.4 and 3.2% respectively of the two groups of tumors. It has been suggested that ampullary carcinomas are often poorly differentiated but this was not true for our cases. In a recent local study (Qureshi et al., 2011) , well, moderately and poorly differentiated adenocarcinomas (ampullary and pancreatic adenocarcinomas combined) comprised 27.6%, 58.5% and 13.9% respectively. In another recent study (Foroughi et al., 2012) , 59.1% tumors were well differentiated, while 4.3% were poorly differentiated (Ampullary and pancreatic adenocarcinomas combined). However, in a study by , poorly differentiated pancreatic adenocarcinomas accounted for 36%. As shown in Table 2 , the large majority (almost 90%) of ampullary carcinomas in our study were T2 (tumor invading duodenal wall), or T3 (tumor invading pancreas). Similarly as shown in Table 3 , the large majority (87.6%) of pancreatic carcinomas were also either T2 (tumor limited to the pancreas but more than 2 cms in greatest dimension) or T3 (tumor extending beyond the pancreas but not involving the celiac axis or superior mesenteric artery). As shown in Table 2 , 57% of ampullary carcinomas in our series were N0 while over 38% were N1. However, a recent study has shown that increased number of positive nodes in ampullary carcinomas is associated with a worse prognosis and the authors have recommended that ampullary carcinomas should be categorized as N0 (no lymph node metastasis), N1 (1 to 2 positive nodes) and N2 (3 or more positive nodes) (Kang et al., 2014) . As shown in Table 3 , almost 52% of pancreatic adenocarcinomas in our study were N1, while 42% were N0.
The prognosis of ampullary carcinomas is much better than that of pancreatic or cholangiocarcinoma, but depends mainly on stage (Sessa et al., 2007) . Studies have shown that stage I carcinomas may have 5 year survival rate as high as 85% (Yamaguchi and Enjoji, 1987) . The prognosis is especially good if lymph node metastases are not present . Unfortunately, very few cases in our study (<10%) were T1; however 57% were N0.
Cigarette smoking, diabetes mellitus and cholelithiasis are important risk factors for pancreatic adenocarcinoma (Hadizadeh et al., 2014) . The incidence of pancreatic adenocarcinoma is steadily increasing in developing countries although incidence rates are still much lower than those in developed countries (Zahir et al., 2013) .
Pancreatic adenocarcinoma has a very poor prognosis, and studies show that over 90% patients die in less than a year after diagnosis (Gudjonsson, 1987) . Studies have shown that 5 year survival rates are only around 15% even when the tumor is limited to the pancreas (Tepper et al., 1976) . Tumor stage remains the most important factor prognostically (Allema et al., 1995) . However, tumors less than 4.5 cms in diameter show the largest survival rates (Nix et al., 1991) . A large study of 616 resected adenocarcinomas of pancreas showed that negative tumor margins (complete resection), tumor size (less than 3 cm) and well to moderate tumor differentiation are important prognostic indicators . The average tumor size of pancreatic carcinomas in our study was 3.5 cm. However, the large majority (over 96%) of pancreatic carcinomas in our series were well to moderately differentiated and resection margins were negative in 75 out of 81 cases (92.6%). Unfortunately, most cases in our series were T2 and T3 and majority were positive for nodal metastases. Most patients with both ampullary and pancreatic adenocarcinomas in two recent studies had T2 or T3 disease. Similarly, nodal metastases were present in almost 48% and 36% cases (Qureshi et al., 2011; Foroughi et al., 2012) . Adsay et al. (2013) dealt with ampullary and pancreatic carcinomas separately. They showed a greater percentage of stage I and II tumors than stage III and IV for ampullary carcinomas, and reported lymph node metastases in 39% cases of ampullary and 73% cases of pancreatic adenocarcinomas.
Of the 11 cases of common bile duct carcinomas in our study, 5(45.5%) were T3 and 8(72.7%) were N0. A recent study showed that biliary tract carcinomas generally have a poor prognosis and that gallbladder localization, perineural invasion, liver invasion, lack of lymph node dissection and lack of adjuvant chemoradiation following surgical resection were poor prognostic factors for survival (Unal et al., 2014) Follow up was unfortunately available in only 82 out of 296 patients in our series with carcinoma (15 out of 311 patients turned out to have chronic pancreatitis), the main reason being that we receive cases from the whole country and the data encompassed a long period of 12 years going back to 2003. However, as shown in the results, follow up from the dead and alive patients indicated that histologic tumor grade, pathologic stage, lymph node status were important prognostic determinants with statistically significant p-values. However, in our study, tumor size was not statistically significant (see results). A number of studies have also shown that tumor grade, stage, lymph node status and tumor size are important prognostic indicators which are closely and significantly associated with survival in these patients (Allema et al., 1995; Castro et al., 2004; Lazaryan et al., 2008; Morris-Stiff et al., 2009; Kayahara and Ohta, 2010; Qureshi et al., 2011; de Thomas and Ahmad, 2012) . However, like in our study, tumor size was not seen to be significant in a study from Cleveland Clinic (Lazaryan et al., 2008) . A recent study showed that socio-economic and racial factors also impact on pancreas cancer outcome (Cheung, 2013) . Similarly, a study from Australia also showed higher case fatality in older patients and in patients from lower socio-economic groups (Luke et al., 2009 
